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(54) Abstract Title 

Multi-carrier spread spectrum communication system with variable spreading rate 

(57) A communication system is disclosed which combines spread spectrum and Orthogonal Frequency 
Division Multiplexing (OFDM) techniques. When the signal quality exceeds a predetermined level spectrum 
spreading is not required and data is transmitted using only OFDM. However when the signal quality falls 
below this threshold spectrum spreading is also required. The signal quality (e.g. SIR or SNR) is measured and 
used to select the chipping rate. The spreading may be direct sequence, or frequency hopping and may use 
CDMA spreading codes. 
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FIG. 7 A (PRIOR ART) 
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RADIO TRANSMITTING AND RECEIVING DEVICE AND 
RELATED COMMUNICATION SYSTEM 



The present invention relates to a radio transmitting 
and received device and related radio communication system. 

As a conventional radio transmission method providing 
multipath-proof performance, an OFDM (Orthogonal Frequency 
Division Multiplexing) method in which a multi-carrier 
transmission is achieved by performing Fourier transformation, 
a multi-carrier CDMA (Code Division Multiple Access) in which a 
code is spread on an axis of a frequency, and a multi -carrier DS 
- CDMA (Direct Sequence - Code Division Multiple Access) in which 
a code is spread on an axis of time are known. 

A radio transmitting and receiving device using the 
OFDM method, is described in "Modulation and Demodulation 
in Digital Radio Communication" (Yoichi Saito, The 
Institute of Electronics, Information and Communication 
Engineers, pp. 203-207, 1996) and shown in Figs. 7A and 7B. 
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Figures 7 A and 7B are schematic block diagrams showing , as 
a whole , configurations of the conventional radio transmitting 
and receiving device using the OFDM method. The conventional radio 
5 transmitting and receiving device is provided with a radio 
transmitting unit (device) 301 as shown in Fig. 7A, and a radio 
receiving unit (device) 302 as shown in Fig. 7B. 

As shown in Fig. 7A, the transmitting unit 301 includes a 
serial -parallel converting section 303 , an inverse Fourier 
10 transforming section 304 , and a guard interval adding section 305 • 
Also, as shown in Fig. 7B, the receiving unit 302 includes a guard 
interval removing section 306, a Fourier transforming section 307, 
a parallel - serial converting section 308, and a demodulating 
section 309. 

15 The serial-parallel converting section 303 in the 

transmitting unit 301 converts serial transmitted data S TDAT 

into parallel data and outputs j -pieces (where n j" is an 

integer being less than 2) of inverse Fourier transforming 

input signals S IFFX (1) to S irrr (j) . 
20 The inverse Fourier transforming section 304 performs 

inverse Fourier transformation on each of the inverse Fourier 

transforming input signals S^* (1) to (j) output from the 

seriai - parallel converting section 303 and outputs resulting 

inverse Fourier transformed output signals Sx,^. 

25 The guard interval adding section 305 copies part of the 

inverse Fourier transformed output signal S xrm output from the 

inverse Fourier transforming section 304 and adds the resulting 

copied signals to the inverse Fourier transformed output signal 

Sxffto as a guard interval (being also called a guard band or a guard 



time in some cases) and outputs them as a transmitting signal S«. 

On the other hand, the guard interval removing section 306 
in the receiving unit 302 removes the guard interval from a 
received signal S TO and outputs the signal as a Fourier 

5 transforming input signal ^rm- 

The Fourier transforming section 308 performs a Fourier 
transform on the Fourier transforming input signal 

output from the guard interval removing section 306 and outputs 
j -pieces of Fourier transformed output signals Smo (1) to s mo 

10 (j). 

The parallel-serial converting section 308 converts the 
j -pieces of Fourier transformed output signals S rw <1) to S^no 
(j) output from the Fourier transforming section 307 into serial 
data and outputs demodulating section input signal S,^. 
15 The demodulating section 309 demodulates 

the demodulating section input signal S nm 

output frcan the parallel-serial converting section 308 and 
outputs the demodulated signal as a receiving data signal s^. 
It is know that, in the radio transmitting and receiving 

20 device using the OFDM method as described above, multi-carrier 
transmission providing a high spectrum efficiency can be made 
possible by performing inverse Fourier transformation on 
transmitting signals and by performing Fourier transformation on 
received signals. Moreover, by adding a guard interval to a 

25 transmitting signal, intersymbol interference caused by 
propagation of a multipath can be reduced. 

A radio transmitting and receiving device using the 
multi-carrier CDMA method and the multi-carrier DS-CDMA method 
is described in ^overview of Multi-carrier CDMA", S. Hara., et 
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al: IEEE Communication Magazine, pp. 127 - 129 (1997) and shown 
in Figs. 8A and 8B and Figs. 9A and 9B. 

Figures 8A and 8B are schematic block diagrams showing, as 
a whole, configurations of the conventional radio transmitting 
5 and receiving device using the multi-carrier CDMA method- The 
conventional radio transmitting and receiving device is provided 
. with a radio transmitting unit (device) 401 as shown in Fig. 8A, 
and a radio receiving unit (device) 402 as shown in Fig. 8B. 

As shown in Fig. 8A, the transmitting unit 401 includes a 
10 serial-parallel converting section 403, data copying 
sections 404 x to 404j, spreading sections 405 : to 405 jr a 
code multiplexing section 406, an inverse Fourier 
transforming sectiorf 4 07, and a guard interval adding 
section 4 08. As shown in Fig. 8B, the receiving unit 402 
15 includes a guard interval removing section 409, a Fourier 
transforming section 410, a despreading section 411, a 
parallet-serial converting section 412, and a demodulating 
section 413 . 

The serial-parallel converting section 403 in the 

20 

transmitting unit 401 converts serial transmitted data S xnAT 
into parallel data and outputs j -pieces (where "j" is an 
integer being not less than 2) of parallel signals S PDAT (1) 
to Sp^ ( j) . 

The data copying sections 404 a to 404 j copy k-peices 

25 

(where "k" is an integer being not less than 2) of each of 
the parallel data signals S PDAT (1) to S FDAT (j) output from 
the serial-parallel converting section 4 03 and outputs the 
copied signals as spreading section input signals S SPI1 (1) 
to S SPI1 (k), S SPI2 (1) to S SPI2 (k), to S SPIj (1) to S SPIj to 

(k) respectively. 
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The spreading sections 405J to 405, perform code 
spreading on each of the spreading section input signals 
S S pu (1) toS SPI1 (k) , S SPI2 (1) to S SP12 (k), . .., S SPIj (1) to S SPIJ 
(k)to S SPOj (k) respectively using an i-th (i = 0, 1, k- 
1) spreading code on an axis of a frequency employed in the 
OFDM method and output spreading section output signals S SP01 
5 (1) - S SP01 (k), S spo2 (1) to S SP02 (k), S SPOj (1) to S SPOj (k) 

respectively. 

The code multiplexing section 406 performs multicode 
multiplexing on each of the spreading section output signals 
S 8 „x<l) " S. m (k>, S 8m (D to S 8Ml Wr ~, S 8rtj (1) to 8^ (k) output 
10 from the spreading section 405, to 405, respectively 

105 by using k-pieces of spreading codes intersecting at right 
angles and outputs j -pieces of inverse converting input signals 

B im (1) to Sjm (j). - 

The inverse Fourier transforming section 407 performs an 
15. inverse Fourier transformation on each of the inverse converting 
input signals Sim CD to S zm (j> output from the code multiplexing 
section 406 and outputs inverse Fourier transform input 
signals 

The guard interval adding section 408 copies part of the 
20 inverse Fourier transform, ; - input signal output from the 

inverse Fourier transforming section 407 and adds the copied 
signals to the inverse Fourier transform input signals 
as a guard interval and outputs the resulting signal as a 

transmitting signal S m . 
25 On the other hand, the guard interval removing section 409 

in the receiving unit 402 removes the guard interval from a 
received signal S„ and outputs the resulting signal as a Fourier 
transforming input signal s^. 

The Fourier transforming section 410 performs a Fourier 
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transform. on the Fourier transforming input signal S wt 

output from the guard interval removing section 409 and outputs 

j -pieces (where "j" is an integer being not less than 2) of 

the Fourier transformed output signals to Sp^, (j). 

5 The despreading section 411 performs despreading on each 

of the Fourier transformed output signals Sm, (1) to S rrTO (j) 
output from the Fourier transforming section 410 on an axis of 
a frequency employed in the OFDM method by using k-pieces of 
spreading signals intersecting at right angles and outputs j- 
10 pieces of respread output signals S M0 (1) to S Me ( j) , respectively. 

The parallel-serial converting section 412 converts j- 
pieces of despread output signals S„ 0 (1) to S DS0 (j) output from 
the despreading section 411 into serial data and outputs a 
demodulating section input signal S^. 
15 The demodulating section 413 demodulates 

the demodulating section input signal S IDEM 

output from the parallel-serial converting section 412 and 
outputs the demodulated signals as a receiving data signal S^,. 
In the radio transmitting and receiving device using the 

20 multi-carrier CDMA method as described above, multi-carrier 
transmission providing a high spectrum efficiency is 
possible by performing an inverse Fourier transformation on the 
transmitting signals and by performing a Fourier transformation on 
the received signals. Moreover, by adding a guard interval to the 

25 transmitting signal, inters ymbol interference caused by 
propagation of a roultipath can be reduced. Furthermore, by 
performing code spreading on an axis of a frequency employed in 
the OFDM method, communications making a gain in code spreading 
can be made possible. 
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Pigures 9* and 9B are schematic block diagram showing, as 
a whole, configurations of the conventional radio transmitting 
and receiving device using the multi-carrier DS-CDK* method. The 
conventional radio transmitting and receiving device is provided 
S with a radio transmitting unit (device) 501 as shown in Fig. 9A, 
and a radio receiving unit (device) 502 as shown in Fig. 9B. 

&, shown in Fig. 9*. the transmitting unit 501 includes a 
serial-parallel converting section 503, spreading sections 

504, to 504, a code multiplexing section 
X0 505. an inverse Fourier transfer* section 506, and a guard 
interval adding section 507. also, as shown in Fig. SB, the 
receiving unit 502 includes a guard interval removing s.=tion50e, 
a r^ier transform . -section 509, a daspr.ading section 510, 
a parallel-serial converting section 511. and a demodulating 

15 section 512. 

The serial-parallel converting section 503 in the 

transmitting unit 501 converts seria! transmitting data 

inro parallel data and outputs ^-pieces «• and «*- are 

integers being not less than 2) of parallel data signals S„. (1) 

20 to 5 y0Mr (jio. 

The spreading sections 504, to 504, perform code spreading 
on each of the parallel date signals (1) to S pnRT (jk) 

respectively output from the serial-parallel 
converting section 503 by using an i-th spreading code on an axis 

25 of time and output spreading section output signals S 9B0 (D to 

v. e i ncf i/k times larger than that 
S„ 0 ( jk) each having a chip rate being i/k «w 

of each of the parallel data signals Sf0W (D to S w <j*> ■ 

The code multiplexing section 505 performs multi-code 
m ulti P lexing on each of the spreading section output signals Sttal 
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(1) to S SPOj <jk) output from the spreading sections 504 x to 504, 
respectively by using k-pieces of spreading codes intersecting 
at right angles and outputs j -pieces of inverse Fourier 
transforming input signals S 1FFT (1) to S 1FfT (j). 

The inverse Fourier transforming section 506 performs an 
inverse Fourier transformation on each of the inverse Fourier 
transforming input signals S m (1) to Sim (j) output from the 
code tnultiplexing section 505 and outputs inverse Fourier 
transformed output signal 

The guard interval adding section 507 copies part of the 
inverse Fourier transformed output signal S^, output from the 
inverse Fourier transforming section 506 and adds the copied 
signals to the inverse Fourier transformed output signal as 
a guard internal and outputs the resulting signal as a 

transmitting signal S«. 

On the other hand, the guard interval removing section 508 
in the receiving unit 502 removes the guard interval from a 
received signal S« and outputs the resulting signal as Fourier 
transforming input signal S FFTI - 

The Fourier transforming section 509 performs aFourier 
transformation on the Fourier transforming input signal 
output from the guard interval removing section 508 and outputs 
j-pieces (where «j" is an integer being not less than (2) of 
Fourier transformed output signals S ro (1) to S FFT0 (j). 

The despreading section 510 performs despreading on each 
of the Fourier transformed output signals (1) to (j) 

output from the Fourier transforming section 509 on an axis of 
time by using k-pieces of spreading codes intersecting at right 
angles and outputs j-pieces of despreading output signals S M0 (1) 



9 



to Sow (j) 

The parallel-serial converting section 511 converts each 
of the j -pieces of despreading output signals S M0 d) to s,,,* (j) 
into serial data and outputs the converted data as a demodulating 
section input signal S^a,. 

The demodulating section 512 demodulates signals 
transmitted based on the demodulating section input signal S^, 
and outputs the demodulated signal as a receiving data signal S TO . 

It is known that, in the radio transmitting and receiving 
device using the DS-CDMA method as described above, multi-carrier 
transmission providing a high spectrum efficiency can be made 
possible by performing inverse Fourier transformation on 
transmitting signals and by performing Fourier transformation on 
received signals. Moreover, by adding a guard interval to a 
transmitting signal, intersymbol interference caused by 
propagation of a multipath can be reduced. Furthermore, by 
performing code spreading on an axis of time employed in the OFDM 
method, communications making a gain in code spreading can be made 
possible . 

However, the radio transmitting and receiving device using 
the OFDM method, out of the conventional radio transmitting and 
receiving devices, presents a problem in that, if a number of 
frequency channels is not sufficient, when such the radio 
transmitting and receiving device using the OFDM method is placed 
nearer a boundary among cells in multi-cell environments, its 
channel quality is degraded more, thus causing communications to 
become difficult. Moreover, it has another problem in that, if 
a base station is not placed among sufficiently short intervals, 
a service area becomes very limited. 
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in contrast, in the radio transmitting and receiving device 
using the multi-carrier CDMA method or using the multi-carrier 
DS— CDMA method, since a gain can be made in code spreading, a 
communicable area can be expanded. However, if multi-code 
multiplexing is performed to achieve a data signaling rate being 
equivalent to that obtained in the OFDM method, signal power 

for each code becomes weak "which causes the gain in code 
spreading to be offset and therefore the same problems that 
occur in the radio transmitting and receiving device using 
the OFDM method arise. Moreover, still another problem 
arises in that, in environments in which propagation of a 
multipath occurs, orthogonality among codes is lost and 
transmitting and receiving performance is degraded. 

The present invention seeks to provide for a radio 
transceiver device and related system having advantages 
over know such devices and systems . 

According to a first aspect of the present invention, there 
is provided a radio transmitting and receiving device including: 
a transmitting unit to transmit radio signals, by using an 
orthogonal frequency division multiplexing method when channel 
quality exceeds a predetermined level, and by performing code 
spreading, using a spreading rate being preset so that, as the 

channel quality becomes degraded, a larger value as the spreading 
rate is selected, when the channel quality is less than the 

25 predetermined level; and 

a receiving unit to demodulate received radio signals by 
detecting the channel quality from the received radio signals, 
by receiving the radio signals using the orthogonal frequency 
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^sion muXtipXexin, method -» «- channeX ^ — ^' 3 
": d ternlMd XaveX - by P-*— « — ^ ^ ""V 

^Ut, is 1«« «» the predetex-ined xeveX. 

5 Th e present invention Is advantageous in P~™^* 

5 radio colunication system havin g a transmits - a^ 
: I " ceivin, unit bein 9 capable of avoiding ^ 
• hi. areas even when a number of frequency 
•"»-«—"■"• ^ Bi-lt or e , en „ h en a base station 

d ^sufficiently short intervals and of 
» « an avera 9 e throu^t of the base station and the 
radio communication system. 

In the foreaoin,, a preferable mode is one -herein the 
receiving unit outputs information about a si,naX-to-noise ratio 

as the channel quality* 

^ a prefer mod. is one -herein the 
outputs information about a ,i,nal-to-interf erence ratio as 

^LrriferabX. mod. is one herein the receive unit 

about a ratio of a signai po«er to a sum of 
outputs information about a rau.° 

*° noise power and interference power a. the channel quaXxty. 

Lao, a pr.f erabX. mode i, on. wherein the transmitting unit 
h as a spreadin, rat. s.X.=tin, ..ction to .eXect X (one. as the 
apreadin, rata when the channeX ^ality exceed, a predetermined 
leveX and to select a spreading rate 
» power of 2. which is Predetermined according to the channel 
JaXity when the channeX quality is X... than the predefined 

^'hlao, a preferable mode is on. wherein the transmitting unit 
performs code spreading on an axis of a frequency by usinq a 
sexected spreading rate when th. ch»neX guaXity is Xe.a than the 
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predetermined level and wherein the receiving unit performs 
despreading on an axis of a frequency by using the spreading rate 
when the channel quality is less than the predetermined level. 
Also, a preferable mode is one wherein the transmitting unit 
5 performs code spreading on an axis of time by using, a selected 
spreading rate when the channel quality is less than the 
predetermined level and wherein the receiving unit performs 
despreading on an axis of time by using the spreading rate when 
the channel quality is less than the predetermined level. 
10 Also, a preferable mode is one wherein the transmitting unit, 

when performing cede multiplexing by using two or more types of 
. code,, selects a multiplied spreading rate obtained by 
multiplying a spreading rate, to be selected when the code 
multiplexing is not performed, by a number of the types of code 

15 to be multiplexed 

According to a second aspect of the present invention, there 
is provided a radio communication system including: 

a transmitting device to transmit radio signals, by using 
an orthogonal frequency division multiplexing method when channel 
20 quality exceeds a predetermined level, and by performing code 
spreading, using a spreading rate being preset so that, as the 
channel quality becomes degraded, a larger value as the spreading 
rate is selected, when the channel quality is less than the 

predetermined level; and 

a receiving device to demodulate received radio signals by 
detecting the channel quality from the received radio signals, 
by receiving radio signals using the orthogonal frequency 
division multiplexing method when the channel quality exceeds a 
predetermined level and by performing despreading by using a 
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reading rate selected by the tr.ns»ittin, device when the 
channel quality is less than the predetermined level. 

in the foregoing second aspect, a preferable mod. is on. 
wherein the receiving device outputs information about a 
signal-to-noise ratio as the channel quality. 

Also, a preferable Bode is one wherein the receiving device 
eu tputs information about a sign^-to-int.rference ratio as the 

channel quality 

,0,0, a pref arable mode is on. wherein th. r.c.iving device 
outputs information about a ratio of a signal power to a sum of 
n oise power and interference power as the channel quality. 

Also, a preferable mode is one wherein the transmitting 
d .vice has a spreading fat. ..lectin* s.ction to ..Let 1 (on., 
as th. spreading rate wh.n the channel quality exceeds th. 
predetermined level and to select a spreading rate, being a power 
* 2 . which is predetermined according to the channel quality when 
the channel qoality is less than the predetermined level. - 

Also, a preferable mod. is one wherein the transmitting 
d evice perform code spreading on an axis of a frequency by using 
a selected spreading rate when the channel quality is less than 
the predetermined level and wherein the receiving device performs 
^spreading on an axis of a frequency by using th. spreading rate 
when th. Oann.1 quality is less than th. predetermine level. 

Also, a preferable mod. is on. wherein the transmitting 
Cevice performs code spreading on an axis of time by using a 
selected spreading rate when th. channel quality is lass than th. 
predetermined level and wherein the receiving devic performs 
despreadin, on an axis of time by using the spreading rat. whan 
th, channel quality is less than th. predetermined level. 
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Also, a preferable mode is one wherein the transmitting 
device, when performing code multiplexing by using two or more 
types of codes, selects a multiplied spreading rate obtained by 
multiplying a spreading rate, to be selected when the code 
5 multiplexing is not performed, by a number of types of codes to 

be mutiplexed. 

Also, a preferable mode is one wherein the transmitting 
device is placed in each of base stations, wherein the receiving 
device is placed in each of terminal devices to receive 
10 information from the base stations, and wherein multi-cells are 
constructed in one cell reuse manner in which all the base stations 
carry out radio communications with the terminal devices using 
same frequencies. 

Also, a preferable mode is one wherein the transmitting device 
15 is placed in each of base stations, wherein the receiving device 
is placed in each of terminal devices to receive information from 
the base stations, and wherein multi-cells are constructed in M 
<M is an integer being not less than 2) cell reuse manner in which 
all the base stations carry out radio communications with the 
20 terminal devices using M-types of frequencies. 

Also, a preferable mode is one wherein the transmitting 
device is placed in each of base stations and each of terminal 
devices to receive information from the base stations, wherein 
the receiving device is placed in each of base stations and each 
25 of terminal devices, and wherein multi-cells are constructed in 
one cell reuse manner in which all the base stations carry out 
radio communications with the terminal devices by using same 
frequencies . 

Also, a preferable mode is one wherein the transmitting 
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device is placed in each of base stations and each of terminal 
device* to receive information from the base stations, wherein 
the receiving device is placed in each of base stations and each 
of terminal devices, and wherein multi-cells are constructed in 
M (M is an integer being not less than 2, cell reuse manner in 
which all the base stations carry out radio communications with 
the terminal devices by using M-type. « f regencies. 

According to a third aspect of the present Invention, there 
1„ provided a transmitting unit being capable of transmitting 
radio signals in an orthogonal frequency division multiplexing 

method including: 

«n acquiring unit to acquire information about channel 

quality detected in a receiving unit; 

a spreading rat. selecting unit to select 1 (one) as a 
apreading rat. when the channel quality exceeds a predetermined 
le vel and to select a spreading rate being preset so that, as the 
channel quality becomes degraded, a larger value is selected 
according to the channel quality when the channel quality is less 
than the predetermined level > and 

a spreading unit to perform cod. spreading on transmitting 
signals by using the spreading rate selected by the spreading rate 

$electing unit- 

in the foregoing third aspect, a preferable .mode is one 
wherein the spreading unit performs code spreading on an axis of 
a frequency by using the sprsading rat. selected by the spreading 

rate selecting unit. 

jaso, a preferable mode is one wherein the spreading unit 
performs code spreading on an axis of time by using the spreading 
rate selected by the spreading rate selecting unit. 
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Also, a preferable mode is one wherein the spreading rate 
selecting unit, when performing code multiplexing by using two 
or more types of code ., selects a multiplied spreading rate 
obtained by multiplying a spreading rate, to be selected when the 
code multiplexing is not performed, by a number of the types of 
code to be multiplexed. 

According to a fourth aspect of the present invention, there 
is provided a receiving unit being capable of demodulating radio 
signals transmitted according to an orthogonal frequency division 
multiplexing method including: 

a channel quality estimating unit to detect channel quality 

from a received signal; 

an acquiring unit* to obtain a spreading rate selected by 
a transmitting unit based on the channel quality; and 

a despreading unit to perform despreading by using a 
spreading rate obtained from the transmitting unit. 

in the foregoing fourth aspect, a preferable mode is one 
wherein the channel quality estimating unit outputs a signal- 
to-noise ratio as the channel quality. 

Also, a preferable mode is one wherein the channel quality 
estimating unit outputs a signal-to-interference ratio as the 

channel quality. 

Also, a preferable mode is one wherein the channel quality 
estimating unit outputs information about a ratio of a signal 
power to a sum of noise power and interference power as the channel 
quality. 

Also, a preferable mode is one wherein the despreading unit 
performs despreading on an axis of a frequency by using the 
spreading rate obtained from the transmitting unit. 
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Also, a preferable mode is one wherein the despreading unit 

,„ »<ie of tine by using the spreading 
performs despreading on an axis or u» »y 

rate obtained from the transmitting unit. 

Also, a preferable mode is one wherein the despreading unit. 

when the transmitting unit performs code multiplexing by using 
two or more types of codes, acquire, a number of multiplexing 
through the acquiring unit and perform, the despreading using the 
obtained number of multiplexing. 

With the above configurations, by transmitting and 
receiving, when channel quality exceeds a predetermined level, 
radio signals according to an orDMmethod and by performing, when 
a channel quality is less than a predetermined level, code 
spreading and despreading using a spreading rat. being 
predetermined so that, a, the channel quality becomes degraded, 
a larger value is selected to transmit and receive information, 
™,i=ations are made possible, since a gain in spreading can 
be obtained due to cod. spreading, communications even in an area 
where communications using the OFDM method are impossible can be 
mad. possible, therefore, communicable areas can be expanded and 
occurrence of areas where communication, using a multicell- 
configured radio communication system are not enabled can be 
avoided • 

Moreover, since cod. spreading is not performed in a place 
wnere the channel quality exceeds a predetermined level, unlrte 
in a case of using a conventional multi-carrier CDMA method and 
a multi-carrier VS-C** method in which data rate is lowered, an 
avrage throughput that can be achieved by a base station and by 
a radio coa,munication system mad. up of the base station and 
terminal device can be improved. 
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Hnn is described further hereinafter 
The present invention is des illust rated 
^ a onlv with reference to and as iXJ-us 
by way of example only wicn 
in the accompanying drawings in which: 

Pig 1A is a schematic bloc, diagram showing a radio 

x v^mm a radio communication system 
transmitting unit (device) making up a radio 
u radio transmitting and receiving device) according to fx 
embodiment of the present invention, 

Fig . IB is a schematic blocK diagram showing a radio 
(device) for use in making u P a radio 
receiving unit (device) transmitting 
conmunication system employing the radi 

device of Fig. 1A- 

Fig 2 is a schematic diagram illustrating an example of 
Inofa cell to which a method for selecting a 
a configuration of a cell ro _ ction is applied 

**L»a rate in a spreading rate selecting section app 
spreading rate map prese nt invention; 

. . first embodiment of the pw«« 
according to the first emo example of 

Fia 3 is a schematic diagram illustrating an examp 

! tion of a cell to which the method for selecting 
20 another configuration of aeCtion is 

th e spreading rate in of the presen t 

applied according to the first 

invention; ^rating an example of 

selecting the spreading rate in w» 

select y ^ . first embodiment of the 

section is applied according to the first 

present invention; _ 

Fig . 5A is a schematic block diagram showing 
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transiting unit (device, making up a radio communication system 
(a rad io transmitting and receiving device, according to a second 
^odiment or the present invention, and rig. » is a schematic 
bl ock diagram snowing a radio receiving unit (device, , casing up 
5 the same radio creation system (the same radio transmitting 

and receiving device) ; 

Fig. 6 is a diagram showing » method for selecting an optimum 
spreading rate in a spreading rate selecting section in a 
transmitting unit or the second embodiment or the present 

10 invention; 

Pig 7A and 7B are schematic block diagrams ahowrng, as 
whole, configurations of conventional radio transmitting and 
receiving devices using an OPDH method, 

Tl9 8A and SB are schematic block diagrams showing, a. a 
15 whole, configurations of conventional radio transmitting ana 
rMe iving devices using a multi-carrier COM* method; and 

n,. 9A and 9B are schematic block diagrams showing, as ,a 
wnole, configurations of conventional radio transmitting and 
receiving device. . using a multi-carrier DS-CB* method. 

20 

Pig ures !» and IB are schematic block diagrams showing, as 
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a whole, configurations of a radio communication system having 
a radio transmitting and receiving device according to a first 
embodiment of the present invention, in the embodiment, the radio 
transmitting and receiving device is provided with a radio 
transmitting unit (device) 101 as shown in Fig. 1A, and a radio 
receiving unit (device) 102 as shown in Pig. IB. 

AS shown in Fig. 1A, the transmitting unit 101 includes a 
spreading rate selecting section 103, a serial-parallel 
converting section 104, a data copying section 105, a spreading 
section 106, an inverse Fourier transforming section 107, and a 
guard interval adding section 108. As shown in Fig. IB, the 
receiving unit 102 includes a guard interval removing section 109, 
a Fourier transforming section 110, a despreading section 111, 
a parallel- serial converting section 112, a demodulating section 
113, and a channel quality estimating section 114. 

The spreading rate selecting section 103 in the 
transmitting unit 101 selects, based on a channel quality 
^formation signal S» obtained from the receiving unit 102, an 
optimum spreading rate and outputs a selected spreading rate 
information signal Sl89P showing a selected spreading rate. 

The serial-parallel converting section 104 receives the 
selected spreading rate information signal S B „ output from the 
spreading rate selecting section 103 and transmitting data 
and converts the transmitting data S_ being serial data into 
3/P rj" is an integer being not less than 2, «p" is 1 or an integer 
being not less than 2 which becomes sub-multiples of «j" and is 
equivalent to a spreading rate shown by the selected spreading 
rate information signal S mf ) pieces of parallel data signals Sraw 

(1) to Snu (j/P) • 
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The data copying section 105 receives the selected 
spreading rate information signal output from the spreading 
rate selecting section 103 and the parallel data signals SpnM (1) 
to SroM (j/p) output from the serial-parallel converting section 
104 and copies p-pieces of each of the parallel data signals Sraw 

(1) to S SWtt (j/p) and outputs them as spread section input signals 
S SK i U> to S SKX (p), S am (1) to S am (p), S OTj/p (1) to S 8Mi , P 

Cp). 

The spreading section 106 receives the selected spreading 
rate information signal Sl88 , output from the spreading rate 
selecting section 103 and spreading section input signals S. m 
(1) to S, m CP), S„„ (1) to S 9m CP), S. w/P (1) to S 8m/P (P) 
output from the data copying section 105 and performs code 
spreading on each of the spreading section input signals S 8K1 CD 
to s sra CP), CD to S mt CP), S 8W/P CI) to W <P> 

spreading codes having a code length <f on an axis of a frequency 
ployed in an OFDM COrthogonal Frequency Division Multiplexing) 
method and outputs spreading section output signals S 8S01 CD to 
S 8e01 CP), B mi CD to S 8FM CP), W P CD to S, f0i/P CP). 

The inverse Fourier transforming section 107 performs 
inverse Fourier transformation on each of the spreading section 
output signals S 8W1 CD to S 8P01 (P) , S af02 CD to Ssw2 Cp) , ~, S awj/P 
CD to CP) and outputs an inverse Fourier transformed output 

Signal Szrrro* 

The guard interval adding section 108 copies part of the 
inverse Fourier transformed output signal output from the 

inverse Fourier transforming section 107 and adds the copied 
signal as a guard interval to the inverse Fourier transformed 
output signal and outputs the resultant signal as a 
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transmitting signal S«. 

on the other hand, the guard interval removing section 109 
in the receiving unit 102 removes the guard interval fro, a 
received signal s„ (called as a transmitting signal in the 
transmitting unit 101. and outputs the resulting signal as a 
Fourier transforming, input signal S,,,,. 

The Fourier transforming section 110 performs Fourier 
transformation on the Fourier transforming input signal S mI 
output from the guard interval removing section 109 and outputs 
J-pieces rr is an integer being not less than 2, of Fourier 
transformed output signals S TO (1) to S„„ CS> • 

The despreading section 111 receives the selected spreading 
»t. information signals output from the transmitting t 
101 and the Fourier transformed output signals W «> " s "~ 
tJ> output from the Fourier transforming section 110 and performs 
despreading on the Fourier transformed output signals s„. U> 

• . „* . f reouency employed in the OFDM method 
to S— (j> on an ams of a frequency 

and outputs J/P (-J- is an integer heing not les, than 2, p xs 
1 or an integer heing not less than 2 which becomes sub-multiples 
of «1- and is equivalent to a spreading rate shown by the selects 
spreading rate information signal W pieces of despreadxn, 

output signals S... (1) to s*. (j/P> • 

The parallel-serial converting section 112 receives the 
selected spreading rate information signal S„„ output fro. the 
transmitting unit 101 and the despreading output signals 
to S„ (J/P. output from the despreading section 111 and converts 
the despreading output signals (1. to S.., (J/P. into serial 
data and outputs a demodulating section input signal S_. 

The demodulating .action 113 demodulates the demodulating 
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section input si**! fed f r« the parallel-serial —.tin, 
section 1X2 and outputs the demodulated signals as a received data 

Th . channel quality estimating section 114 estimates 
„1 quality using the received sign^ S„ and outputs a channel 
^Ity information signal S M showing a result from the 
. estimation. 

The radio transmitting and receiving device of the first 
embodiment is so constructed that, in a place where its channel 
^aiity exceeds a predetermined level, it transits and receives 
radio signals according to the OFDM method and, in a place where 
it, channel q«lity is less than a predetermined level, it selects 
an optimum spreading rat. according to the channel quality and 
transmit, and receive, radio signals in the same method as a 
^-carrier CDMA .Code Division Multiple Access, method 
Moreover, the spreading section 10« in the transmitting unit 101 
»a y perform cod. spreading on an axis of time employed in the OFDM 
»ethod and the despreadin, section 111 in the receiving unit 102 
My perform despreading on an axis of time employed in the OFDM 
^thod. in this case, configurations of the radio transmits 
end receiving device of the first embodiment become same a, those 
in the case where it transmit, and receive, radio signal, in the 
same method a, a multi-carrier DS-CDMA .Direct Sequence-Code 
Oivision Multiple Access ). method in a place where channel quality 
does not satisfy a predetermined value. 

The channel quality information sigr-1 S OT can be obtained 
in the transmitting unit 101 by causing the receiving unit !02 
to have a notifying component used to notify information estimated 
by the channel quality estimating section 114 and th. transmitting 
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unit 101 to have . an information acquiring component used to 
receive the information on results from the estimation. Moreover, 
selected the spreading rate information signal S IW can be 
obtained in the receiving unit 102, for example, by causing the 
transmitting unit 101 to have a notifying component used to 
multiplex the transmitting signal S« and selected spreading rate 
information signal S w , and to transmit the resulting signals and 
by causing the receiving unit 102 to have an obtaining component 
used to separate the selected spreading rate information signal 
S ISW from the received signal S tt . 

Furthermore, it is not necessary for the transmitting unit 
101 to acquire the channel quality information signal B» from 
the receiving unit 102 adapted to receive a transmitting signal 
of the transmitting unit 101 itself. For example, when Information 
is transmitted or received between radio transmitting and 
receiving devices each having the transmitting unit 101 as shown 
in Fig. 1A and the receiving unit 102 as shown in Fig. IB and when 
cnannel quality in upward communication is equal to that of 
downward communication, it is possible for the transmitting unit 
101 to acquire the channel quality information signal S I0t from 
the receiving unit 102 existing within a same station, a same radio 
transmitting and receiving device. In this case, the receiving 
unit 102 can acquire the selected spreading rate information 
signal S Isa , from the transmitting unit 101 existing within the 
same station- 

Next, a method for selecting an optimum spreading rate in 
the spreading rate selecting section 103 in the transmitting unit 
101 shown in Fig. " 1* will be specifically described below. 

First, a base station (not shown) being placed in a vicinity 
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4« via 2 is provided with the 
at a center of a cell shown in Fxg. 2 xs p 
of a cente d terminal device to 

•4-<--i«« «nit 101 shown xn Fxg. 1A ana a «c 
transmxttxng unxt lux nrovid ed with the 

re ceive information from the base station xs provx 

receiving unit 102 shown in Fig. IB. 

, n„« let it be assumed that an SNR (sxgnai 
For example, now let xt oe mM * na 

to-noise ■ ratio, re^ — 1 ^ 

action. using the * ^ le " ^ 

communx ^ q£ a <jeU in 

SNR occurring at a place being 2r ( 

< ^tion using the OFDM method is possxble) apart from 
whiC h commutation usxng ia 

a base station when propagatxon loss in 

proportional to the fourth power of a distance xs given bv 

following expression: 



SNB=10-10log 1( {2r/ryz-2dB - Expression 



(1) 
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In this case, the ahove SHR does not ..tie*, channel 
enahlin, cessations — » «- — ^ ^[ZZ 

on' the received eigne! S„ end is output ee the 

motion signal cjm satis£y 

When a minimum velue out of powers or i. 

(Q „i, selected in the spreading rate selectrn, 
e following expression is seleeteu i 

section 103, if the SN* - -MB, P " i6! 
p Z IO ao ^ WM Expression (2) 

where -p" denotes a spreading rete. 

Xh.ref ore, since, oy setting the spreeding rate to he us 
in the transmitting unit 10! and the receiving unit 10, to he „ 
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SNR is large, 
in multipath 



ma by lowering a data rate to 1 / 16. a gain in sheading being 
about 12 dB i. obtained, communications between the base station 
.na the terminal device being placed by "2 «- a P ar< from the base 
station are made possible. 

Moreover, radio communications uaing the Oft*. mathod with 
the terminal device being placed within «r» from t* base station 
and having a sufficiently large SNR can be carried <* by selecting 
the spreading rat. «p- being 1 (one) in the spreading rate 

selecting section 103. 

Thus, according to the first embodiment de the present 
invention, a communicable area can be expanded by carrying out 
radio communications using the OFDM with degra iation of its 
channel quality being reduced in a place where the " 
that is, channel quality is excellent, even 
environments and by using the code spreading metiod in a place 
wh ere the SNR is small, that is, channel quality is poor, and by 
selecting an optimum spreading rate according to tdm value of the 
SNR and by lowering a data rate to 1/spreading ra:e to obtain a 
gain in spreading. Moreover, in the radio transmitting and 
receiving device using the conventional mul ti -car r:.er CDMA method 
or using the conventional multi-carrier DS-CDMA method, even in 
a range where communications using the OFDM method can be carried 
out, data rate is lowered according to a spreading rate. However, 
according to the present invention, since, even in 1 he place where 
the SNR is large, there is no need for lowering i±m data rate, 
an average throughput that can be achieved by t». base station 
and by the radio communication system made up of t^ base station 
and the terminal device can be improved. 

Next, a method for selecting an optimum spreading rate in 
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4. • ~~ 103 in the transmitting unit 
, 4 „_ rate selecting section 103 xn 
the spreading rate se e y ^^ ments wi n t>e described- 

« -ria 1A in multi-cell environments wiix 
101 shown in Fig. » xn the base station 

» the description below, let it be ^ 

. ^ vicinity of a center of each cell i 
placed xn the terminal 
. un it 101 shown in Fig. ^ 

All of the cells as shown xn Fig* 3 

4 a ~ carried out by using same frequency f, (on 
M "TIZ7Z** configurations shown in Fig. 3. a 
cell reuse) . Moreover, statlon placed at 

«oio .i^i i. «-» - ba ; de ";; b6 j g ^ « 

a cell 1 to the terminal device oew? 
, , the =e"er of a cell cell 2 . and cell 

a boundary poxnt A transmit signals 

„ i stations existing in cells l to 

3) and all base swxo. Therefore, 
me time and using the same transmission power. 
at the same time ana acts &s a 

the base station existing in each of the cells 
0 source of interference against the terminal device 

at the boundary point A. (s ignal-to- 
.„ let it be assumed that the SIR isign 
For example, let xt n communications 
interference ratio)for channel gualit, ««« 
usi , g the 0F,M methoo is not less tha, ^ * ^ , ^ ^ 
25 from the base station existing in each ^ 
boU ndary point A is restively -1 *-^«- from the base 
times, 7- times, 2 times larger than a ^ 

4„ the cell 1 to the boundary poxrn; 
station existing in the rt , tiona i to the fourth 

i in a radio signal is proportional 
propagation loss in a ra 
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power of a distance, the SIR at the boundary point A is given by 
a following expression: 

smrio-ioiogj^ +1 < + (1/2 y +J?7 4 +sm 4 +0S2T }s " 34dB 

Expression (3) 

In this case, the SIR does not satisfy channel quality that enables 
communications using the OFDM method. The SIR is calculated based 
on the received signal S*. in the channel quality estimating 
10 section 114 and is output as the channel quality information 
signal S I0t . 

When a minimum value out of powers of 2 that can satisfy 
a following expression is selected in the spreading rate selecting 
section 103, if the SIR - - 3.4dB, p - 32: 

15 

p^lU ... Expressxon (4) 

where "p" denotes a spreading rate. 

Therefore, since, by setting the spreading rate to be used 

20 in the transmitting unit 101 and the receiving unit 102 to be at 
32 and by lowering the data rate to l / 32, a gain in spreading 
being about 15 dB is obtained, communications between the base 
station in the cell 1 shown in Fig. 3 and the boundary point A 
are made possible. 

25 Moreover, radio communications using the OFDM method with 

the terminal device having a sufficiently large SIR can be carried 
out by selecting the spreading rate "p" being 1 (one) in the 
spreading rate selecting section 103. 
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first embodiment of the present 
Thus, according to the first ems 

• a olace where the SIR is large, that is, channel 

invention, in a place wnew 

™iity i. excellent. «v« in -"i-** environments, 

.ions using the OFDM with degradation of its channel 

Reading -thod an. by selecting an opt«» sprang M~ 

, ~* «5XR and by lowering a data rate to 
according to the value of the SIR ana »y 

/spreading »te to obtain a gain in cede spreading, even „ he 
^ti-cell conation * one cell reuse, — 

by the base station and by the raoi 
that can be obtained, oy 

communication system oah be achieved. 

„«t, a method for selecting a spreading rate in 
cell environ-aents wiU be described by referring to rig- 4^ 

Eac b of ceils shown in Pig- 4 is so centred *a 
creations are carried out by using three type, of f reguencies 
TTZ f, .three cell reuse, . Moreover, in the configurates 
X inFig .radiosi S n>.listrans»ittedfro»thebasest.tion 
shown rn Fig- «. a r. gn ^ devlc . being placed 

existing in a center of a cell i 

at a boundary point A among three cells (cell 1, cell 2. and cell 
at a oouno. y * transmit signals 

3) and base stations existing in cells 1 

station existing in each of the cells 
, of interference in a s«ea channel against. ^ - ~ ■ 
b eing placed at the boundary point A. Moreover, P 
invention is not lifted to the configuration in which a eel 
earrie8 out creations using such the three types of 
• , f and f, and the cell may be also constructed 
frequencies fx/ £ *' ana i3 
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so that the communications are carried out by using two or more 
types of frequencies. 

For example, let it be assumed that a signal-to- 
interference ratio (SIR) as channel quality enabling 
5 communications using the OFDM method is not less than 10 dB . Here, 
if a distance from the base station existing in each of the cells 
8 to 13 to the boundary point A is sequentially by 2 times, 7 1 ' 2 
times, 13*" times, 4 times, 13 1 '* times, 7 1 ' 2 times larger than a 
distance from the base station existing in the cell 1 to the 
10 boundary point A and propagation loss in a radio signal is 
proportional to the 3.5th power of a distance, the SIR at the 
boundary point A is given by a following expression: 

Sm=10-10logJ^^>* +A/l3 ^2/4) ^^/ 13 ^+A/7 m} 
SZ3dB 

15 Expression (5) 

In this case, the SIR does not satisfy channel quality that enables 
communications using the OFDM method. The SIR is calculated based 
on the received signal S M in the channel quality estimating 
20 section 114 and is output as the channel quality information 
signal S^. 

When a minimum value out of powers of 2 that can satisfy 
a following expression is selected in the spreading rate selecting 
section 103, if the SIR - 7. 3dB, p - 2: 
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p2J.U Expression (6) 
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where «p" denotes a spreading rate. 

in ^ transiting unit 101 ana the receiving -« «■ ~ * « 
a and by lowering the data rate to 1 / 2, a gain in spreading ^ 
, Lnt 3 i. o-ained, cc-unication. between the base station 
fn 1 call X shewn - ^ and the boundary point . are .aade 

radio creations using the «. -~ 
tb . t.r»in^ device bavin, a sufficiently large SXK can be carried 
L , 1 by ..lectin, tbe spreading rat. ^ being 1 «-> in tb. 

spreading rat. .electing section 103. 

rh. first enbodiment of the present 
Thus, according to tbe first e»o 
mention, by carrying out radio co-nnications using tbe 
_ degradation of its cbannel 
„ where tbe SXK is large, that is. cbannai gu^ty ^ 
even in -ultipath environment., and in a place whe 
^11, tbat is, cbannel guality i. poor, by applying a code 
spreading —od and by selecting an opting spreading ^ rate 
according to tb. value of the «. and by lowering a data rate to 
20 "alg rate to obtain a gain in cod. spreading, even „ tb 

Iti-cell configuration by three cell reuse, occurrence of the 

L.nicable area can be avoided and a high average throughput 
non-coffluunicaDie ate- radio 
th at can be obtained by the base station and by 
contmunication system can be achieved. 
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ri9u r.s B» and 5B are schematic bloc* diagrams showing, a. 
a whole, configuration, of a radio o—i-tie. system having 
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a radio transmitting and receiving device according to a second 
embodiment of the present invention. In the embodiment/ the radio 
transmitting and receiving device is provided with a radio 
transmitting unit (device) 201 as shown in Fig. 5A, and a radio 
5 receiving unit (device) 202 as shown in Pig. 5B. 

As shown in Fig. 5A, the transmitting unit 201 includes a 
spread rate selecting section 203, a serial-parallel converting 
section 204, a data copying section 205, a spreading section 206, 
a code multiplexing section 207, an inverse Fourier transforming 

10 section 208, and a guard interval adding section 209. Also, as 
shown in Fig. 5B, the receiving unit 202 includes a guard interval 
removing section 210, a Fourier transforming section 211, a 
despreading section 212, a parallel-serial converting section 213, 
a demodulating section 214, and a line guard estimating section 

15 215. 

The spreading rate selecting section 203 in the 
transmitting unit 201 selects an optimum spreading rate based on 
a channel quality information signal being obtained from the 
receiving unit 202 described later and a code multiplexing number 

20 information signal S IMCOOa being determined depending, on a number 
of communicating parties to or from which information is 
transmitted or received by a control unit (not shown) provided 
in a base station (not shown) or in a terminal device (not shown) 
and then outputs a selected spreading rate information signal S IMF 

25 indicating selected spreading rate. Moreover, the above control 
unit is made up of, for example, a CPU (not shown) , a storage device 
(not shown) to temporarily store information required for 
processing in the CPU, and a storage medium (not shown) in which 
a program to have the CPU execute control processing is stored. 
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The serial-parallel converting section 204 receives the 
selected spreading rate information signal S wt output from the 
spread rate selecting section 203, the code multiplexing number 
information signal W, and a transmitting data S w and converts 
the transmitting data being serial data into jN/p rj" is 
an integer being not less than 2, is an integer being not less 
than 2, *p" is 1 or an integer being not less than 2 which becomes 
submultiples of i* equivalent to a code multiplexing 

number shown as the code multiplexing number information signal 
SncoM , ^ is equivalent to a spreading rate shown as the 
selected spreading rate information signal S w > pieces of 
parallel data signals (1) to S,^ (jN/p) • 

The data copying section 205 receives the selected 
spreading rate information signal SlOT output from the spreading 
rate selecting section 203, the code multiplexing number 
information signal S^, and parallel data signals S PDAT ( 1 ) to 
S.*, (jN/p) and copies p-pieces of each of the parallel data signals 
SreM (1) to 0*/P> output from the serial-parallel converting 
section 204, and outputs spreading section input signals S 8rtl (1) 
to S^p), S sei2 (1) to S sm <P), ~. and S,^ <D to S^,, (p) . 

The spreading section 206 receives the selected spreading 
rate information signal output from the spreading rate 

selecting section 203, the code multiplexing number information 
signal S^, and the spreading section input signals S, m (1) to 
WP>, S am (1) toS 8m <P>, ~, andS^.D to S m „, 9 <P) output 
from the data copying section 205 and performs code spreading on 
spreading input S,^,,, (D to S 9PI(1 . 1J/pl <P> , S miMM »<l> to 

N-l) by using i-th (i = 0, 1, ~, H-D spreading codes each having 
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a code length M p" on an axis of a frequency employed In a OFDM 
method and outputs spreading section output signals S sp01 (1) to 
s sm <P), S„o 4 (1) to S s «» (p>, and S SM3H/p (1) to S„ w/p (p) . 

The code multiplexing section 207 receives the code 
multiplexing number information signal S^,*,*, and the spreading 
section output signals S SMX (1) to S sm (p), S at<a (1) to S SP02 (p) , 
and S aPOjP/p (1) to S st0iH/9 <p) output from the spreading section 
206 and performs multi-code multiplexing on the spreading section 
output signals S SF01 (1> to S„ 01 <p>/ S^a U) to S SP02 <p) , — » and 
S awWt (1) to S 8eolM/p (p) by using N-pieces of spreading codes 
intersecting at right angles and outputs inverse Fourier 
transforming input signals S zrRZ (1) to S^*! tj) • 

The inverse Fourier transforming section 208 performs 
inverse Fourier transformation on the inverse Fourier 
15 transforming input signals S IOTI (1) to S zmz (j) output from the 
code multiplexing section 207 and outputs an inverse Fourier 
transformed output 
signal Sxmo- 

The guard interval adding section 209 copies a part of the 
inverse Fourier transformed output signal output from the 

inverse Fourier transforming section 208 and adds the copied part 
to the inverse Fourier transformed output signal Smw, as a guard 
interval and outputs the signal as a transmitting signal &«. 

On the other hand, the guard interval removing section 210 
in the receiving unit 202 removes the guard interval from a 
received signal S«c and outputs the signal as a Fourier 
transforming input signal S mt - 

The Fourier transforming section 211 performs Fourier 
transformation on the Fourier transforming input signal S Fm 
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output: from the guard interval removing section 210 and outputs 
Fourier transformed output signals S„,o (1) to (j>- 

The despreading section 212 receives the selected spreading 
rate information signal S 8 „ r output from the transmitting unit 
5 201, the code multiplexing number information signal S^, and 
the Fourier transformed output signals Smo (1) to Snte (j) output 
from the Fourier transforming section 211 and performs 
despreading on the Fourier transformed output signals 3^ CD 
to Sme <j> by using N-pieces of spreading codes having a code 
10 length «p" and intersecting at right angles on an axis of a 
frequency employed in- the OFDM method and outputs jK/p is 
an integer being not less than 2, «N" is an integer being not less 
than 2, *p" is 1 or an integer being not less than 2 which becomes 
submultiples of -j", " equivalent to a code multiplexing 

15 number shown as the code multiplexing number information signal 
SjMMM , and «p" is equivalent to a spreading rate shown as the 
selected spreading rate information signal S IMP ) pieces of 
despreading output signals S M0 U> to S M0 UN/p) . 

The parallel-serial converting section 213 receives the 
20 selected spreading rate information signal S wr output from the 
transmitting unit 201, the code multiplexing number information 
signal S^., and the despreading output signals S M0 U> to Sds0 
< jN /p> and converts the despreading output signals (1) to 
(j N/p) into serial data and outputs a demodulating section input 

25 signal s w . 

The demodulating section 214 demodulates signals 

transmitted based on the demodulating section input signal 

output from the parallel-serial converting section 213 and 

outputs the demodulated signals as a receiving data signal SjaM . 
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The channel quality estimating section 215 estimates 
channel quality from the received signal S TO and outputs the 
channel quality information signal s^. 

The radio transmitting and receiving device of the second 
embodiment is so configured that, in a place where channel quality 
exceeds a predetermined level, if code multiplexing is not 
per formed radio signals are transmitted or received according to 
the OFDM method and, if the code multiplexing is performed, radio 
signals are transmitted or received, by selecting a spreading rate 
corresponding to a number of multiplexing, in the same method as 
in a multi-carrier CDMA method. On the other hand, the above radio 
transmitting and receiving device is configured so that, in a 
place where channel quality is less than a predetermined level, 
radio signals are transmitted or received, by selecting an optimum 
spreading rate corresponding to the channel quality and a number 
of code multiplexing, in the same method as in the multi -carrier 
CDMA method. Moreover, the spreading section 206 of the 
transmitting unit 201 may perform code spreading on spreading 
section input signals by using i-th ri'iiO. 1, ~, N-l> spreading 
signals having a code length V on an axis of time employed in 
the OFDM method. Also, the despreading section 212 in the 
receiving unit 202 may perform despreading on Fourier transformed 
output signals by using N- P ieces of spreading codes having a code 
length «p" and intersecting at. right angles on an axis of time 
employed in the OFDM method . In this case, the radio transmitting 
and receiving device of the second embodiment is so configured 
that, when code multiplexing is performed or when channel quality 
does not reach a predetermined level, radio signals are 
transmitted or received in the same method as in a multi-carrier 
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DS-CDMA method. 

Acquisition of the channel quality information siqnal ■» 
in the transmittin, unit 201 can he achieved >y havinq the 
receivinq unit 202 he provide, with a uotifyin, unit that can 
notif y (not shown, the receivinq unit 202 of information ohta.ned 
Z .station in the channel quality estimatlnq section 21, an, 

«nit 201 be provided with an acquiring 
. by having the transmitting unit zoi oe P w 

unit < not shown, that can receive the information. Also, 
acquisition of the selectee spreadin, rate information^ s_ 
in "the receivinq unit 202 can he achieve, hy havrnq the 
tr ansmlttin, unit 201 he provide, with a notifyinq unit .not 
shown, that can multiple, the transmits aiqnal 
spreadin, rat. information siqnal Sjm and transit them to the 
transmits, unit 201 an, hy havln, the rec.ivin, unit 202 he 
pro vide, with an acquirin, unit that can separate and acquire the 
selected spreadin, rate information siqnal S OT from the reeved 

siqnal S„. of the oode ^tiplexin, number 

Moreover, acquisition 01 

< ma l s in the receiving unit 202 can be achieved 
information signal Sj^a* in w»e * * 

k , s nrnitinlexing number information signal 
by multiplexing the code multiplexing nw« 

B < m *i s and by transmitting the 
e and the transmitting signal S w ana oy 

JTipl. X e, siqnal usin, the notifyinq unit in the ahove 
t rans»ittin, unit 20! an, hy separatin, the code mnltap le~nq 

< «r>ai «? from the received signal S w using 
number information signal W tromtne 
; the above acquiring unit in the receiving unit 202. 

Purthermore, it is not necessary for the transmitting unit 

■r-H* channel quality information signal S,* from 
201 to acquire the cnannei qua* , 

«. receivinq unit 202 adapted to receive a transmits siqnal 
from the transmittinq unit 201 within the radio transmits and 
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receiving device- For example, as in the case of the first 
embodiment, when information is transmitted or received between 
two radio transmitting and receiving devices each having the 
transmitting unit 201 as shown in Pig. 5A and the receiving unit 
5 202 as shown in Fig. 5B and when channel quality in upward 
communication is equal to that of downward communication, it is 
possible for the transmitting unit 201 to acquire the channel 
quality information signal from the receiving unit 202 

existing within a self-station, in this case, the receiving unit 

10 202 can acquire the selected spreading rate information signal 
S„„ and the code multiplexing number information signal f rom 

the transmitting unit 201 existing within the self -station. 

Next, a method for selecting an optimum spreading rate in 
the spreading rate selecting section 203 in the transmitting unit 

15 201 in Fig. 5A will be described. 

Here, let it be assumed that, in multieell environments 
shown in Fig. 6, a base station existing in a vicinity of a center 
of each of cells has the transmitting unit 201 shown in Fig. 5A 
and a terminal device performing transmitting and receiving of 

20 information to and from the base station has the receiving unit 
202 shown in Fig. SB. 

Also, let it be assumed that each of the cells shown in Fig. 
6 is so configured that communications are carried out by using 
a same frequency f t therein (one cell reuse) and radio signal is 

25 transmitted from a base station existing in a center of one cell 
1 to a terminal device being placed at a boundary point A of three 
cells (cell 1, cell 2, and cell 3) and another terminal . device 
being placed at a B point within the cell 1 and base stations being 
placed in cells 1 to 7 by same transmission power and at a same 
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time. Therefore, all the base stations existing in cells 2 to 7 
act as a source of interference against the terminal device being 
placed at a boundary point A. 

For example, let it be assumed that a signal-to- 
interference ratio (SIR) for channel quality enabling 
communications using the OFDM method is not less than 10 dB. Here, 
if a distance from the base station existing in each of the cells 
2 to 7 to the boundary point A is respectively by 1 time, 1 time, 
2 times, 7- times, 7" times, 2 times larger than a distance from 
the base station existing in the cell 1 to the boundary point A 
and propagation loss in a radio signal is proportional to the 
fourth power of a distance, the SIR at the boundary point A is 
given bythefollowing expression: 

1 }=-3.4dB 

... Expression (7) 

!n this case, the SIR does not satisfy the channel quality that enahles 
communications using the OFDM method . The SIR is calculated based 
on the received signal S„ in the channel quality eatimaeing 
section 215 and is output as the channel quality in f omation 
signal S jgj, • 

When a minimum value out of powers of 2 that can satisfy the 
. following expression is selected in the spreading rate selecting 
section 203, if the SIR - - 3.4dB, p - 32: 



p^ 10 <io^mno EacpreS8ion (8) 
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where w p" denotes a spreading rate. 

Therefore, in the case where communications are carried out 
between the base station in the cell 1 and the terminal device 
being placed at the boundary point A in the cell 1, by setting 
the spreading rate *p" to be 32 and by lowering the data rate to 
1 / 32, a gain in spreading being about 15 dB is obtained. However, 
. when communications with the terminal device being placed at a 
point B have to be carried out at a same time, power to be assigned 
to one code is reduced to a half by performing code multiplexing. 

At this point, the SIR per one code at the point A becomes 
- 6.4 dB, even if a spreading gain 15dB is used,, required quality 
cannot be satisfied. To solve this problem, a minimum value out 
of powers of 2 that can satisfy a following expression is selected 
in the spreading rate selecting section 203. 



(9) 



where -p" denotes a spreading rate and «N" denotes a number of 

code multiplexing. 

That is, when SIR m ~ 3.4 dB and the number of code 
multiplexing N = 2, p = 64. Here, either an SIR obtained at the 
point A or the SIR obtained at the point B, whichever is smaller, 
is used. 

Therefore, since, by setting the spreading rate to be 64 
25 and by lowering data rate to 1/64, a spreading gain being about 
18 dB can be obtained, communications can be made possible between 
the base station in the cell 1 having the SIR per one code being 
-6.4dB shown in Fig. 6 and the terminal device being placed at 
the boundary point A. Moreover, by using a spreading gain and by 
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• , •„„ *t a time, communications are made 
perform code .nultxplexxng, at at, 

• vo * between the base station in the omix x 
possible between channel 

device being placed at the point B that can P r 

^ality than the point A can a termina l 

MnrAOVer if communications are carrxeo o 

Txace. at a place where the S» is sufficiently large 
device being placed at pi radio eonrounic ,tions are 

• . k „„r performing code multiplexing, i»" 
without perform! g selecting th. spreading rate «P« 

carried out by using the OFDM toy se 

• , in the spreading rate selecting section 203. 
being 1 m the spr embodiment, in a place 

Therefore, as in the case of the first 
. „- , aI ge, that is, channel quality is exc 
Wbere the SIR is l " 9 '' creations using the 

m «itipath environments, 
even in multip. y bslng reduced can 

OF DM «lth degradation of its cn ^ 

. rfM , i„aplacewheretheSIRissmall,thatis, 
b e carried out. in a p speeding method and by 

LS quality is poor, by applying ^ ^ 

selecting an optimum spreading rate --rdi^to 

. rtf code jtmitiplexing and by lowexuw* 
m and to the nus^er of ~- « » ^ spreadlng , even 

rate to x/spr.adin, rate to obtain g« of a non . 

,n=iexina is performed, occurrence 
„„en code multiplexing i P throughput 
• .hi. area can be avoided and a high averag 
20 communicable area connuni cation system can be 

ror the base station and the radio coam 

aCtie t'is apparent that the present invention is not limited 
IcXents but may be changed and modified without 
to the above embodiments * inw tion. For example, 

26 -parting fromth. scope and spiri o^e ^ ^ 

in each of the above events, the r. 

• • „„ *.vices are explained in which each of the oas 
receiving devices a * ' _ „ f MCh of the cells has 

being placed at a vicinity of a -ter of a 
the transmitting unit 101, 201 shown in rig. 1* 
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each of the terminal devices performing transmitting and 
receiving of information with each of the base stations has the 
receiving unit 102, 202 as shown in Fig. IB or Fig. 5B. However, 
each of the base stations may have both the transmitting unit 101, 
201 and receiving unit 102, 202 shown in Figs. 1A and IB or Fig. 
5A and 5B and each of terminal devices may have both transmitting 
unit 101 or 201 and receiving unit 102 or 202 shown. in Figs. 1A 

and IB or Fig. 5A and 5B. 

Moreover, in the above embodiments, the spreading rate is 
selected by using the SIR (or an SHR, and the number of code 
duplexing a. cbennel quality and data rate is switched- 
depending on a value of the SIR (or the SHR> and Che number of 
code multiplexing. However, the data rat. can be more finely set 
by combining the above selecting method with a known method in 
Which the data rate is switched based on a multi-leveling number 
during modulation, a coding rate, or a like. 

also, in the above embodiments, to select the spreading rate, 
predetermined expressions are used. However, the spreading rate 
»av be changed, when necessary, according' to specifications 
required in the radio ccmaunication system. For example, a 
plurality of predetermined threshold values is set to correspond 
to the cnannei quality information signal S TO and spraading rates 
corresponding to th. threshold values are predetermined and a 
corresponding spreading rate according to a value of the SIR (or 
the SNR) may be selected. In this case, it is preferable that, 
as the value of the SIR (or the SNR) becomes smaller, larger 
spreading rate can by selected. 

Furthermore, in the above embodiments, the SIR or SNR as 
channel quality to select the spreading rate is used. However, 
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r toa .»° £ noise power and in-*.-- 
. ratio of a *™* « S In tbi s case, a spread 

rate may be selected in the 
above SIR or Sim is used. 
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CLAIMS 

1. A radio transmitting and receiving device 
comprising : 

a transmitting unit arranged to transmit radio 
signals by means of orthogonal frequency division 
5 multiplexing when channel quality exceeds a predetermined 
level, and performing code spreading by means of a 
spreading rate being preset so that, as the channel 
quality becomes degraded, a larger value is selected as 
the spreading rate, when the channel quality is less than 

10 the predetermined level; and 

a receiving unit arranged to demodulate received 
radio signals by detecting the channel quality from the 
received radio signals, by receiving radio signals by 
means of orthogonal frequency division multiplexing when 

15 the channel quality exceeds a predetermined level and by 
performing despreading by using a spreading rate selected 
by said transmitting unit when the channel quality is 
less than said predetermined level. 

20 2. A device according to Claim 1, wherein said 

receiving unit is arranged to output information about a 
signal-to-noise ratio as said channel quality. 



3. A device according to Claim 1, wherein said 
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receiving unit is arranged to output information a b out a 
signai-to-interrerence ratio as said channel gualrt y . 

4 ft device according to Claim 1. wherein said 
receiving unit is arranged to output information about a 

,,~ r as said channel quality, 
interference power as saia 

, . - o -j or 4, wherein 
5 A device according to Claim 1, 2, 3 or 

„„it has a spreading rate selecting 
said transmitting unit has a P 

section arranged to select unitv as said spreading rate 
„ he „ said Channel gualit, exceeds said predetermine 
le vei and arranged to select a spreading rate, hem, 
poM er of 2, which is predetermined according to sard 

said predetermined level. 

6 A d evice according to Claim 1. 2, 3 or 4, wherein 
said transmitting unit is arranged to perform code 
3 spreading on an axis or a freguenc, hv using a selected 

slid predetermined level and wherein said receiving unit 

* t-o oerform despreading on an axis of a 
is arranged to period r 

,. nn rate W hen said channel 
vw using said spreading rate wn« 
frequency by usmy 

'■• less than said predetermined level. 
>5 quality is less 



7. A device according to Claim 1, 2, 3 or 4, wherein 
said transmitting unit is arranged to perform code 
spreading on an axis of time by using a selected 
spreading rate when said channel quality is less than 
said predetermined level and wherein said receiving unit 
is arranged to perform despreading on an axis of time by 
using said spreading rate when said channel quality is 
less than said predetermined level. 

8 . A device according to any one or more of the 
preceding claims wherein said transmitting unit, when 
performing code multiplexing by using two or more types 
of codes, is arranged to select a multiplied spreading 
ra te obtained by multiplying a spreading rate, to be 
selected when said code multiplexing is not performed, by 
a number o£ types of codes to be multiplexed. 

9. A radio communication system comprising: 

a transmitting device arranged to transmit radio 
signals by means of orthogonal frequency division 
multiplexing when channel quality exceeds a predetermined 
level, and by performing code spreading by means of a 
spreading rate being preset so that, as the channel 
quality becomes degraded, a larger value is selected as 
said spreading rate, when the channel quality is less 
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than the predetermined level; and 

. receiving device arranged to demodulate recerved 
radi o signals hy detecting the channel guality - «- 
received radio signals, hy receiving radio signals hy 
mean s o f orthogonal rreguency division multiplexing when 
the channel guality exceeds a predetermined level and hy 
forming despreadin, hy using a spreading rate selected 
by said transmitting device when the channel gualrty rs 
l9 ss than said predetermined level. 

10 A system according to Claim 9, wherein said 
receiving device is arranged to output inrormation ahout 
. signal-to-noise ratio as said channel guality. 

1X A system according to Claim 9, wherein said 
receiving device is arranged to output inrormation ahout 
. slg „al-to-interrerence ratio as said channel guality. 

j i-r> Claim 9, wherein said 
12 A system accordxng to Claim 

reiving device is arranged to output inrormation ahout 

interference power as said channel guality. 

, . q in 11 or 12, wherein 
13 A system according to Claim 9, 10, 11 or 

a <„o has a spreading rate selecting 
5 said transmitting devxce has a s P 
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section to select unity as said spreading rate when said 
channel quality exceeds said predetermined level and is 
arranged to select a spreading rate, being a power of 2, 
which is predetermined according to said channel quality 
when said channel quality is less than said predetermined 
level . 

14. A system according to Claim 9, 10, 11 or 12 wherein 
said transmitting device is arranged to perform code 
spreading on an axis of a frequency by using a selected 
spreading rate when said channel quality is less than 
said predetermined level and wherein said receiving 
device is arranged to perform despreading on an axis of a 
frequency by using said spreading rate when said channel 
quality is less than said predetermined level. 

15. A system according to Claim 9, 10, 11 or 12 wherein 
said transmitting device is arranged to perform code 
spreading on an axis of time by using a selected 
spreading rate when said channel quality is less than 
said predetermined level and wherein said receiving 
device is arranged to perform despreading on an axis of 
time by using said spreading rate when said channel 
quality is less than said predetermined level. 



49 

16 A Sy 3 COT — , tO W OH. O, ^ of Claims , « 

5 ' wherein said transmitting device, — « 

15 ' w tvoes of codes, is 

cod e multiplexing b y using two or ™ 
ranged to select a multiplied spreading rate 

nna rate, to be selected when sard 
by multiply a spreading rate, 

is not performed, by a number of types 
code multiplexing is not per 

of codes to be multiplexed. 

17 R sy stem according to any one or more of Claims 

herein said transmitting device is located in eac 
0 sa id base stations, wherein said receiving device 
Lated in each of said terminal devices to receive 

, a ti 0 ns and wherein multi- 
*^«r« said base stations, 
information from said- o 

cell s are constructed in one cell reuse manner 
Bll said base stations are arranged for radio 
„ications -its said terminal devices using same 

frequencies- 

,, nfl to any one or more of Claims 9 to 
-i o A system according to any o 

1S * - i «-„i-ed in each 

, x6 , wnerein said transmitting device rs located 

ot said base stations, wnerein said receiving device 
loc ated in each of said terminal devices to receive 
formation from said base stations, and wherein multi- 
bus are constructed in M CM is an integer being not 
, 5 les s than 2 > cell reuse manner in which all said base 
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stations are arranged to carry out radio communications 
with said terminal devices using M-types of frequencies. 



19. A system according to any one or more of Claims 9 to 
16 wherein said transmitting device is located in each of 
said base stations and each of said terminal devices to 
receive information from said base stations, wherein said 
receiving device is located in each of base stations and 
each of terminal devices, and wherein multi-cells are 
constructed in one cell reuse manner in which all said 
base stations are arranged to carry out radio 
communications with said terminal devices by using same 
frequencies . 

20. A system according to anyone or more of Claims 9 to 
16, wherein said transmitting device is located in each 
of said base stations and each of said terminal devices 
to receive information from said base stations, wherein 
said receiving device is located in each of base stations 
and each of terminal devices, and wherein multi-cells are 
constructed in M (M is an integer being not less than 2) 
cell reuse manner in which all said base stations are 
arranged to carry out radio communications with said 
terminal devices by using M-types of frequencies. 
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21 A transmitting device heing capeble of trensmitting 

rad io signels in an orthogonal .regency vision 

Multiplexing method comprising: 

arranged to acquire information 
an acquiring unit arrangea 

abou t channel quality detected in a receive -ice; 

a spr ea d in g rate selecting unit arranged to select 

- spreading rate when the channel quality 
unity as a spreading 

• ^ level and to select a preset 
exceeds a predetermined level an 

aegraded. a larger value as the spreading rate is 
3elected according to- the channel quality -hen the 

, litv is less than the predetermined level; and 
channel quality is ie» 

. spreading unit arranged to perform code spreading 
on emitting signals hy using the spreading rate 
selected hy the spreading rate selecting unit. 

22 R transmitting device according to Claim 21. -herein 
said spreading unit is arranged to perform code spreading 
on an axis or a frequency hy using said spreading rate 
, selected hy said spreading rate selecting unit. 

23 A transmitting device according to Claim 21, -herein 
sa ld spreading unit is arrange, to perform code spreading 
on an axis of time hy using said spreading rate selected 
. s by said spreading rate selecting unit. 
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24. A transmitting device according to Claim 21, 22 or 
23 wherein said spreading rate selecting unit, when 
performing code multiplexing by using two or more types 
o£ codes, is arranged to select a multiplied spreading 
rate obtained by multiplying a spreading rate, to be 
selected when said code multiplexing is not performed, by 
a number of types of codes to be multiplexed. 

25. A receiving device being capable of demodulating 
radio signals transmitted according to an orthogonal 
frequency division multiplexing method comprising: 

a channel guality estimating unit arranged to detect 
channel quality from a received signal; 

an acquiring unit arranged to obtain a spreading 
ra te selected by a transmitting device based on the 

channel quality; and 

a despreading unit arranged to perform despreading 
by using a spreading rate obtained from the transmitting 
device- 

26 . a receiving device according to Claim 25, wherein 
said channel quality estimating unit is arranged to 
output a signal-to-noise ratio as the channel quality. 

27. A receiving device according to Claim 25, wherein 
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, auality estimating unit is arranged to 
said channel gual ity M ratio as the channel • 

output a signal-to-interference ratio 

quality • 

aid channel guality estimating unit is arranged to^ 

„ , a ratio of a signal power to a 
out put information about a 
sum of noise power and interference power 

quality- 

29 R receiving deviee according to Claim a.. ... - « 
' wherein said despreadin, unit is arranged to per o™ 

of a frequency by using the 
-Id despreading on an axxs of a tr q 

„ ^rom said transmitting device, 
spreading rate obtained from sard 

^ 30 A receiving device according to Ciaim ». .6. - 
3 -is arranged to perform 

28 , wherein said despreading unit is « 

sai d despreading on an axis of time .V using the 

spIe adin, rate obtained from the transmits device. 

!0 31 * receiving device according to an y one or more of 

3 " . 25 to 30, wherein said despreading unit, when said 

zzzz — — - — rr 

<. arranged to acquire a 
„ r , tvpes of codes, is arrang 
UW o or more typ acquirin g unit and 

25 nuB ber of multiplexing through said 
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performs said despreading using the obtained number of 
multiplexing. 

32. A radio transmitting and receiving device 

5 substantially as hereinbefore described with reference 
to, or as illustrated in Figures 1A and IB, or 5A and 5B 
of the accompanying drawings . 

33. A radio communication system substantially as 
10 hereinbefore described with reference to, or as 

illustrated in Figures' 1A and IB, or 5A and 5B of the 
accompanying drawings . 

34. A transmitting device being capable of transmitting 
15 radio signals in an orthogonal frequency division 

multiplexing method substantially as hereinbefore 
described with reference to, or as illustrated in Figures 
1A or 5A of the accompanying drawings. 

20 35. A receiving device being capable of receiving radio 
signals transmitted according to an orthogonal frequency 
division multiplexing method substantially as 
hereinbefore described with reference to, or as 
illustrated in Figures IB or 5B of the accompanying 

25 drawings. 



